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Abstract
 The intake and concentration of metals and electrolytes from our diet are believed to be affecting our general health, in particular, 
the proper functions of vital organs.  For example, in addition to other genetic and environmental factors, consuming water with
high alkalinity for prolonged time is suspected to lead to diseases such as kidney stone.  Evidence has been accumulating that 
excessive metal intakes would lead to organ failures.  Once absorbed, minerals and electrolytes can travel freely throughout the
body, and distribute at key organ systems such as the brain, lung, kidney, etc.  By conducting experiments with animal models 
(e.g., rats), it is possible to not only determine where the organ distribution of various matrices of elements and minerals but also 
correlate such matrices with the overall physiological and behavioral status of such models.  In this study, information matrices 
of 30 different elements (including heavy metals and some electrolytes) and their distributions in various vital organs (e.g., brain, 
lung, kidney, liver, heart, spleen, and uterus) were analyzed as a function of normal dietary intake at adulthood (120 days old).  
An elemental (metal and electrolyte) distribution model was then formulated based on experimental results.  The study has high 
impact to our understanding of how environmental health would affect our well being.  This study would also provide insights on
how our diet would affect the accumulations of unwanted elements, such as heavy metals, in our vital organs.  The results may 
help researchers and health practitioner to identify possible links between daily diet (metals and electrolytes) and diseases, and 
may also lead to a better understanding of diseases associated with aging such as Alzheimer’s and Parkinson’s diseases, and other 
neurological disorders.   
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Since the era of industrial evolution, living conditions for humans have improved drastically; with the 
consequence of better living conditions and less physical activities, we are facing other aspects of health issues such 
as obesity and hyper immune responses (allergy).  In modern living, considerable attention has been paid to dietary 
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intake or supplement due to health concerns.  On the other hand, involuntarily consumption of unwanted chemicals 
and preservatives via processed food and polluted water is also possible.  One such example would be consumption 
of drinking water from sources that are laden with soluble ions and heavy metals.  This occurs quite frequently for 
those that are living in rural areas with no treatment system for their drinking water in developing countries. 
Attempts in understanding the homeostasis of different elements in brain and other major organs fell short 
significantly due to the vast complexity of mechanisms involved [1].  What cause this complexity are the multiple 
factors that can affect the dynamics of biological functions.  For examples, an element of different compounds 
(chloride versus phosphate) would have various uptake rates by the body [2] and the uptake rate of elements in 
solution by the digestive system was proven to be faster than in food stuffs.  Elemental accumulations are not solely 
related to exposure but likely have more to do with impairment of the relevant homeostasis mechanism [3]; 
conversely, a Cu deficiency in mice were able to be corrected by supplementation of Cu in drinking water [4], 2003).  
In addition, larger sample size is needed to observe statistical significance in the small changes over life time 
exposure [5].  Such constraint creates a vast obstacle to conduct research, and the hurdle is more difficult if human 
subjects are involved.   
Currently, the understanding of homeostasis mechanisms for accumulation and control of individual element in 
our body is very limited; hence, the influence of elements with similar properties to each other is practically non-
existent.  However, results of Zn replacing Cu in a competitive homeostasis mechanism in rat’s brain were recently 
reported by Maynard et al. [5].  Therefore, it can be concluded that our understanding of elemental homeostasis 
mechanisms in our body systems is still in the pioneer stage, and opportunities for further research and development 
are widely untouched. 
There are chemicals (vitamins, for example) and elements needed to maintain proper bodily functions; in this 
study, we focused on the essence of major and selected trace elements and how these elements accumulated in our 
major organs.  The major organs are:  brain, lung, kidney, liver, heart, spleen, and uterus.  Information matrices of 
30 different elements (including heavy metals and some electrolytes) that were fed to rats as part of a regular diet 
were obtained from the seven major organs and analyzed. Measurements of the elements from the adult rats (120 
days old) were compared with information obtained from healthy Japanese males [6].  A linear distribution model 
based on experimental results and statistical analysis for the elemental accumulations in the major organs was then 
developed to relate the accumulation ratio between rats and humans taking their respective regular diet.  This model 
can be used as an assessment tool to evaluate elemental homeostasis in different organs for the initial screening of 
potential health issues and diseases. 
2. Experimental Methods 
The 30 elements included in this study were: Al, As, Ba, Br, Ca, Cd, Cl, Co, Cr, Cu, F, Fe, Hg, I, K, La, Mg, Mn, 
Mo, Na, Rb, S, Sb, Sc, Se, Si, Sm, Sr, V, and Zn.  Analytical measurements of the elements from the organs of adult 
(120 days old) Wistar rats and diet pellets that were used to feed the rats were reported in a parallel paper at the 
same conference (Metallomic Distribution in Various Regions of the Brain as Influenced by Dietary Intakes and 
Their Implications) [7]. 
Information from the organs of healthy Japanese males was abstracted from Katoh et al. [5]:  The data were 
collected from 64 persons ranging from 6 to 82 years of age with a mean age of 42 years.  These data were assumed 
to be representatives of healthy humans regardless of race. 
3. Results 
3.1 Concentration of Elemental Accumulations with Rats 
Table 1 tabulates the elemental concentrations obtained from 7 major organs of the rats which were feed with 
regular food pellets.  Out of the 30 elements of interest, only 20 elements were detectable within the measurement 
limit by instrumental neutron activation analysis (INAA).  This implies that either the concentrations of other 
(undetectable) elements were too low for the analytical method, or the organs did not retain those elements 
significantly.  The latter observation was especially obvious for the brain that showed only 15 measureable elements. 
Table 1. Measurements of elemental concentrations for the seven major organs.  Noted that concentrations of the first 6 elements (above Al) were 
in mg/g of wet weight and concentrations of the rest of the elements were in µg/g of wet weight.  ND indicates not detectable. 
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Element Liver Lung Heart  Heart Spleen Uterus Brain 
Ca 0.05 0.08 0.16 0.04 0.06 0.09 0.054 
Cl 1.01 1.39 1.35 0.8 0.94 1.99 0.95 
Fe 0.28 0.14 0.1 0.1 1.06 0.09 0.019 
K 3.6 1.94 2.15 2.39 3.61 2.35 2.677 
Mg 0.24 0.11 0.14 0.15 0.19 0.22 0.103 
Na 0.64 1.12 1.11 0.76 0.57 1.62 0.957 
Al 6.57 3.98 4.13 5.68 7.17 3.43 5.87 
Br 4.67 10.49 7.76 4.3 4.96 12.53 1.91 
Co 0.1 0.03 0.22 0.04 0.05 0.02 0.011 
Cr 0.05 0.06 0.44 0.33 0.13 0.58 ND 
Cu 5.41 2.53 10.39 5.33 3.79 2.9 2.1 
F 2.41 2.82 4.95 2.46 ND 6.15 ND 
Hg 0.12 0.02 0.53 0.01 0.2 0 ND 
I 0.06 0.05 0.08 0.05 ND 0.12 ND 
Mn 2.76 0.2 0.78 0.32 0.35 0.19 0.51 
Mo 1.11 1.37 0.61 0.28 0.61 0.71 ND 
Rb 16.27 4.38 5.04 3.9 5.79 4.54 2.66 
Se 1.26 0.4 1.54 0.39 0.72 0.44 0.64 
V 0.08 0.01 0.1 0.07 0.04 0.08 ND 
Zn 41.13 16.98 24.56 16.05 17.34 15.85 10.79 
3.2 Elemental Accumulations in Human Organs 
Similar to Table 1, Table 2 shows the corresponding elemental accumulations in 6 organs that were collected by 
Katoh et al. [6] and Magalhaes et al. [8].  Discussions with the brain is excluded from this paper but are discussed in 
a parallel study [7] due to the complexity of the brain.  Katoh et al. have collected 21 elements of which 15 elements 
are common with the elements from the rat’s study in Table 1.  Magalhaes et al. have collected fewer elements, 
Table 2 only shows those that are of interested in this study.  However, Magalhaes et al. also compared elemental 
concentrations of health tissues with cancerous tissues of the same individuals.  It should be noted that samples of 
Magalhaes et al. were expressed in µg/g of dry weight instead of wet weight, but this relative weight ratio should be 
compatible for both approaches. 
Table 2.  Elemental concentrations of various organs reported by Katoh et al. [6], the concentrations were in µg/g of wet weight except as noted.  
*The elemental concentrations of uterus were abstracted from Magalhaes et al. [8] with samples of German origin, concentrations were reported 
as µg/g of dry weight, except otherwise specified. 
Element Liver Lung Kidney Heart Spleen Uterus* 
Al 11.3 130 10.4 11.4 12.5   
As(ng/g) 300 560 400 250 380   
Br 12.2 48.6 40.9 16.7 25.6 19 
Ca 208 585 529 291 335 1590 
Cd 16.7 4 237 1.2 5.4   
Cl(mg/g) 4.2 10.1 10.9 5 6.7   
Co(ng/g) 173 123 69 70 31   
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Cs(ng/g) 69 88 120 113 77   
Cu 32.2 14.2 15.4 18 7.3 4 
Fe 837 987 430 257 1400 59 
K(mg/g) 9.4 9.9 10.4 15.5 15.9 0.571 
La(ng/g) 285 311 64 32 650   
Mg 678 565 711 1070 729   
Mn 5.58 1.17 4.92 1.63 0.82   
Mo 2.1 1.37 1.55 0.69 0.96   
Na(mg/g) 4.2 10.4 10.7 5.7 5   
Rb 22.3 15.9 17 20.1 22   
Sb(ng/g) 52 242 69 16 49   
Sc(ng/g) 5 26 4 5 5   
Se 1.87 1.3 3.86 1.37 1.61   
Zn 228 62 238 126 83 40 
3.3 Normalized Elemental Distribution Ratio in Various Organs between Rats and Humans 
A normalized elemental distribution ratio can be obtained by dividing the concentration of an element in a rat 
organ by the concentration in the same human organ.  Figure 1 shows the normalized elemental distribution ratio for 
the 6 organs and 15 elements that were common in our work and that of Katoh et al. [6].  As shown in Figure 1, the 
elemental distributions (homeostasis) for the 15 elements in the 6 major organs fit rather consistently in general.  For 
examples, Na and Cl have nearly the same distribution ratio for all 6 organs, K is almost as consistent except for 
concentration in the uterus.  This may be due to diet difference between rats and humans, or the difference is a factor 
of physiological/genetic origin; a proper explanation of the observation remains to be determined.  In general, Co 
has the widest spread in distribution among organs. 



















Fig. 1. Elemental concentration ratio of rat versus human for 6 major organs.
The distribution model can be used to predict physiological development from rat (animal) to human.  An 
abnormally high or low concentration of elements in organs can be a prelude of organ malfunction and/or cancer 
development.  For example, samples of cancerous uterus tissue had 1.6 time the concentration of K when compared 
with that of normal uterus tissue from the same individual [8].  However, the general direction of increase or 
decrease in elemental concentration of cancerous tissue is not always the same for different elements and organs.  
The approach of normalized distribution ratios developed in this study can be used to find the general direction of 
elemental distribution of disease tissues, although there are genetic difference between rats and humans. 
4. Conclusions 
A normalized elemental distribution model is developed by comparing elemental measurements of the same 
organ in rats and humans.  The model can be used to predict disease tissues based on their elemental measurements 
and to determine how well we can absorb elemental nutrients from food.  This study has high impact on our 
understanding of how environmental health would affect our well being.  This study would provide insights on how 
our diet would affect the accumulations of unwanted elements, such as heavy metals, in our vital organs.  The results 
may help researchers and health practitioner to identify possible links between daily diet (metals and electrolytes) 
and diseases, and may also lead to a better understanding of diseases associated with aging such as Alzheimer’s and 
Parkinson’s diseases, and other neurological disorders.   
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